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This invention relates to light modulators and more
particularly to light modulators employing ditfraction
apparatus,

The recent invention of the optical macer has mad:
possible the gencration of hich iatenuity mono hromatic
coherent lizht beams.  Such heams may be propagated
with extreme directionality and are, thercfore, potentially
useful in point-ta-paint communications sy-tems,  Qptical
masers for use in communications are also advantageous
in that highly directional beams may be produced without
the nced for large antenna stroctures frequently asso-
ciated with systems utilizing electromagnetic rad’ation
of lonzer wavelensths,  In addition, the enarmously hich
frequencics of optical radiation make passible the trans-
mission of much larger quentitics of information than
has heretofore been possible with radintion in lower bands
of the clectromagnetic frequency spectrum.  In order
to reulize’ the potential of the newly discovered optical
masers as communications deviees it s necessary that
apparatus be provided for modulating light waves at high
frequencies.,

1t is an object of this inventios to modulate the ampli-
tude of monochromatic light cnergy in accordance with
high frequency signal information.

The above-mentioned and other objects of the inven-
tion are achieved in one illusirative embodinent thereof
comprising a piezoclectric member having a diffraction
grating on a specular surface thercof. The diffraction
grating is characterized by a predetermined grating spac-
ing, so that when a monochromatic beam of parallel light
rays is directed thercaguinst a diffraction natern is pro-
duced having a plurality of welldefined maxima. A pair
of electrodes are provided for applying to the piczoalec-
tric member a miodulated oscillatery clectric field at a

‘frequency corresponding to a fundamental mechanical

resonance thercof. By causing the piezoclectric member
to vibrate in a fundamental mode the clectric field causes
the grating spacing to oscillate correspondingly. As tha
angle of diffraction for light of a given frequency is de-
pendentt on the grating spacing, the maxima of the dif-
fraction pattern are also caused to oscillate about a mean
diffraction angle. The maximum angular deviation of the
diffraction pattern varies with the amplitudz of the modu-
lated oscillatory electric field, heuce amplitude modula-
tion of the light is achievable by means responsive to
changes in the anglz of diffraction.

It is a feature of the inventica that the member sup-
porting a diffraction grating is cau-ed to vibrate in a
fundam-atal resonant mede, whereby the characteristic
grating © -stant is caused to oscillate about a mean value,

Itis her feature of the invertion that the maximum
angular deviation of the diffraction pattern is modulated
by modulating the amplitudls of the arating vikration.

It is a further feature of the invention that the ampli-
tede of a light beam is modulated by mudulating the spac-
ing betwaen the lines of a diffraction arating, .

These and other objects and foatuses of the Invention
will re beites understcod from the fullowing more de-
tailed discussion taken in conjuncion with the accom-
panying deawing in which: - oo

FIG. 1 depicts an illustrative erabodiment of the in-
vention; and
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FI1G, 2 depicts schematically a diffraction grating and
the ditfraction patterns corresponding to various valucs
of the grating characteristics.

Turning now to FIG, I, there is shown a light modu.
lator in accordance with the principles of the invention,
comprising a piczoelestric member 1 of a material such
as, for example, quartz or barium titanate. A diffraction
grating 3 is ruled on a ffat specular surface 2 of the meme-
ber 1, Electrodes 4 and 5 are provided on opposite sides
of the member 1 so that, by applying a potential differs
cnce therebetween an clectric field may ba established
which extends through the volume of the piczeclctric
member 1. An oscillatory electric ficld, produced by
applying to the clectrodes 4 and 5 a tima-varying potential
difference penerated by a source 9, subjects the member 1
to oscillatary stresses which drive it ta vibrate. Ia az.
cordance with a feature of the invention, the nember 1
is driven to vibrate in a fundamental resonant mode so
that time-periodic compression and rarcfoction is proe
duced along the fength of the grating 3, correspending {2
the x-dimension of the memiber 1, whersby the widith and
spacing of the slits is varied correspondingly,

Now when a monochromatic lisht Leam from a source
such as an opiical maser 6 is normaily incident on the
grating a characteristic diffraction pattern is prediced.
The intensity function 1 of the pattera is given by

(1) Sin? g sin? Np
I=R, g sl
where

xe 8in 8
e R 7

»d sin
- Y0 S0

==

a=width of slity
d==separation of slits
==angle of diffraction
A=wavelength of light
Ro=constant depending on optical maser intensily
Na=number of slits utilized
The factor
’ sin? NP
sin? P
represents the interference pattern for light diffracted by
N slits, while -
‘ sin? 8
/ a
represents the envelope function. The angular disper-
sion of the principal maxima of the interfercnce pattern
is defined by the well-known grating equation

{2) d'sin g=n\ (n=12...)

where n refers to the order of the diffraction.

As a and d change under the influance of the strains
produced in the member t by the vasying clectric fieid,
the angular dispersion of the diffractien pattern chances
also.  Thus, if a priacipal maximum {25 o2 an apa

strained, the periedic fluctuation of the grating chara
istics may be tronsformed into fluctuaticas in the ~

Qeent

. of light which passes therethrough.  As will appear, the

0

widith of aperture 7 is advantazeously equal to the wiith
of the principal maximum which is directed to it

FIG. 2 iltustrates schematically the effect of chanees in
the grating characteristics on the diffraction angle ¢ foc
light of a given wavelength, A portion of the incident
light enecgy, inficated by the shaded area n=10, from
source 6 passes-through grating 3 without deflection,
while higher orders are represented by portions of suc-
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cessivcly decreasing intensity which are diffracted at suc-
cessively increasing angle @ As the member 1 is piezo-
electrically streswed 1o decrease the width and spacing of
the slits of grating 3, the diffraction angle 8 increases for
each order number, the position of the intensity maxima
being represented in the figure by the solid curves. Con-
versely, as the grating is expanded 1he maxima are shifted
in the opponite direction as shown by the dotted curves.

The change 32 in the diffraction angle # is rclated to
the change 3d gnting spacing d by Equa!ion 3,

T ETGT

In order to achieve 100 percent madulation of light of a
patticular wavelenzth X the angular displacement A9 of
a principal maximum for a change of prating spacing Ad
must exceed the angolar resolution of the grating. The
angular width at half intensity of a principal maximum
is given by

“) A
B= T cos d

To a good appreximation the angular width of the dis-

pluced maximum will be the same. Thus,
(8) A .Vn%-;!

and the strain required to change the grating spacing suffi-
ciently to shift the first order maximum off a slit having
the same angular width is

(®) ad_z2
d N .

Although it appears from (&) that N should be as largce
as possible it is important to note that at the same time
the width y of the nmrember 1 should be as small as possible
since this dimension determines the fundamental resonant
frequency and the medulation bandwidth which may be
achiaved,

1t can be shown the modulation bandwidth is, to a good
approximation, given by

(7 Af=kfgn

where k is the electromechanical coupling factor and fn
is the fundamental resonant frequency of member 1. The
coupling factor k is large within the resonant band, and
falls off rapidly outside it. In addition, the efficiency of
coupling at resonance makes it possible to drive the mem-

ber 1 with less power than would otherwise be required.

Consider an aptical maser beam having a wa\elcngth
of 0.7« and a diameter of 0.1 centimeter, which is nor-
mally incident on a grating having 1000 lmes/mm
From (6), it is requtred that

ad_ -3
3 2X 1
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for 100 pertent modulation.  Such a strain may be pro-
duced in barium titanate, for example, in the fongitudinal
thickness mods with ficlds of about 10,600 volts/cm su-
perimposed 62 a direct current bias ficld of 10,0600 volts/
cm. The fzndamental resonance frequercy is sbout 1.2
megacycles and £=0.5. If the size of the beam and the
grating are reduced by a factor of 10 the bandwidth is in-
creased accsrdingly, although at the expense of a decreate
in medulasica to 10 pereent,

Thus it caa be scen that, in accordance with the inven-
tion the ckarzcte-istics of a diffraction grating may be
pcrlodxc.xl" ~aried in time by causing its support members
to vibrate iz cn appropriate fundamental resonant mode.
Amplitude modulation of light is thea achieved with the
aid of apparztus responsive to deviaticn of the angle of
diffraction zboul a mean value, with bandwidih being
dependent oa both the resonant frequency of the grating
and the clecizomechanical coupling factor,

While the iavention has been described herein with
reference to a specific illustrative embodiment, other ar-
rangemen!s may be devised by those «%iiled in the ant
riing from its spirit and scope.

What is cl2imed is:

1. Lizht r‘ﬁdu!a!i'lg apparatus comprising a piezoelec-
tric member 2aving on a surface thereof uy optical diffrac-
tion gratinz characterized by a predetermined grating
spacing. mcans for projecting a beam of light to te modu-
lated onto <zid grating thereby producing a diffraction
pattern, mazas for applying to said member a modulated
oscillatory elasiric fizld for causing said member to vi-
brate in a fu~damental resonant mode, the frequency of
said ficld being substantially equal to the fundamental
natural resesance of said member, thercby produdn"
ing oscr]latory changes in the grating spacing
ily in the ditfroction pattern, mnans for
oscillatory electric .‘clx“! and 0 TIIANg
responsive to ihe modulation of said oscitlalucy whanges
of the diffrzzion pattern.

2. Apparztis as in claim 1 wherein said licht beam to
be modulated 3s substontinlly monochromatic and said
output means comprises an opaque meinber having a light
transmissive zperture,

3. Apparzius as in claim 2 wherein the first order maxi-
mum of said difraction pattern is coincident wiih the
center of said aperture, the width of said apcrture being
substantially egual to the width of said first order maxi-
mum. -
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